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This chapter was prepared for the NIS by the
Central Intelligence Agency. Research was sub-
stantially completed by March 1973.
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Science

Eighteenth century open-air observatory, Jaipur (U/OU)

A. General (S)

In the years since independence India has
developed a substantial and varied scientific research
and development establishment. Its present research
and development capability is in no way comparable
with that of the larger developed countries of the West
or the Soviet Union, but India has developed what is
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probably the strongest overall capability among the
less developed countries, excluding China. In Asia, its
capability is excecded only by Japan and, in most
fields, by China. Over the past few years India has
developed a greatly enhanced indigenous military
production capability. Development of a scientific
establishment, nevertheless, has been uneven and is
still grossly inadequate to support India’s projected
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program of economic and scientific development. The
facilities have been built, and effective research is
being done in government laboratories in nuclear
energy, defense, space, and public health, as well as in
the development of industrial processes. Nevertheless,
judged against the number of laboratories, the
manpower involved, and the research budgets
expended, India has not yet realized substantial
returns on its scientific investment. Rather, the
investment has only laid the groundwork for a
capability which, if properly managed, could make
India an important scientific and technological power
in the future.

Indian science has benefited from the strong
encouragement given to it by the central government,
which adopted an impressive national science policy
in 1958, known as the Scientific Policy Resolution.
The resolution is aimed at prowmoting basic and
applied research and scientific education. Scientists
take an active role in the formation of the
government’s scientific policy and programs, primarily
through the National Committee on Science and
Technology (NCST), numerous committees of the
Council of Scientific and Industrial Research (CSIR),
the Indian Council of Medica} Research (ICMR), and
the Indian Council of Agricultural Research (ICAR).
A major new policy paper, An Approach to the Science
and Technology Plan, was released in January 1973. It
is to be refined, made more specific, and embodied in
the Fifth Five Year Plan by March 1974.

Among the many problems that hinder the national
development of science is the absence of an
established scientific tradition. Compared with the
developed countries, India has produced few
internationally prominent scientists. Notable is the
work in spectroscopy by C. V. Raman before 1930 and
the work in statistics by S. N. Bose. A serious and
continuing hindrance to scientific growth is the
depressed state of the economy. Indian leaders have
Leen unable to provide adequate financial support for
scientific and technical research. In addition, the
government through excessive regulation of private
industry has discouraged the development of new
producis. The administration of research has become
enmeshed in politics, and the lack of coordination
among various national agencies set up by the
government has resulted in the fragmentation and
duplication of research activities. Governmertal
encouragement of education and science has led to a
large increase in the number of colleges and
universities, but with a sacrifice in the quality of
education generally and of scientific education
specifically. Part of the university quality problem has
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to do with reservation of space for those from the
Scheduled Castes and Tribes, perhaps as much as one-
fourth of the slots at the Indian Institutes of
Technology. Efforts have been made to slow down the
expansion of facilities so that quality can be improved
by establishing special schools, institutes, and centers
for advanced studies.

Traditionally, Indian scientists have tended to
emphasize theoretical rather than applied research.
This emphasis has been due in large measure to the
limited funds available for undertaking applied
research and to a lack of adequate experimental
facilities. As a result, the government has found it
more economical and more dependable to import
foreign technology than to encourage its development
in India. Both government and industry have been
reluctant to rely on domestic technology and
industrial processes developed within the country. In
an effort to reverse this trend and to channel research
into more applied areas, the government has set up
numerrus applied research laboratories. Unfortu-
nately, in many cases the laboratories have attracted
scientists away from the universities and have taken
over some of the fundamental research which could
have been done more effectively in the universities if
they had received adequate financial support.

India probably has received a greater amount of
assistance from private and public foreign sources for
science and education than any other country in the
world. It has received teachers, apparatus, and
equipment through bilateral agreements with foreign
countries and through agreements between Indian
universities and foreign universities, as well as from the
United Nations specialized agencies, such as the U.N.
Special Fund, U.N. Expanded Program for Technical
Assistance, and U.N. Educational, Scientific, and Cul-
tural Organization (UNESCO). Dr. Nag Chaudhuri,
scientific ‘adviser to the Minister of Defense,!
stated recently that the United States has been the
strongest influence in the teaching of science in India,
and the United Kingdom is the strongest military
influence. India and the U.S.S.R. have cooperative
programs for the exchange of information. A series of
cultural agreements between the two countries has
provided for an exchange of Indian and Soviet
scientists.

'For a current listing of key government officials consult Chiefs of
State and Cabinet Members of Foreign Governments, pubiished
monthly by the Directorate of Intelligence, Central Intelligence
Agency.
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B. Organization, planning, and financing of
research (§)

Most of the scientific and technical research
conducted in India is under the jurisdiction of the
central government, which provides the financing for
about 90% of the research done in the country.
Numerous ministries, research councils, committees,
departments, national laboratories, and government-
sponsored universities are involved (Figure 1). There is
virtually no research or development sponsored solely
by private organizations with the exception of that
carried out by a few independent research institutes
which support fundamental research. Industrial
research is in the early stages of development, and oniy
a few production establishments conduct research in
units of their own, although there are several small
industrial research associations.

Governmental planning and financing of research
are carried out through agencies which operate in
conjunction with appropriate ministries. The most
important are the NCST, the CSIR, the ICMR, the
ICAR, the Defense Research and Development
Organivation (DRDO), and the University Grants
Commission.

The NCST was established in November 1971
under the Department of Science and Technology of
the then Ministry of Planning, Science, and
Technology. Subsequently, NCST was placed under
the newer Ministry of Industrial Development. As the
government's adviser on scientific matters and on the
formulation and implementation of science policy, the
NCST works closely with the Planning Commission,
which has been placed under the Ministry of
Planning. The NCST replaced the Committee on
Science and Technology (COST) and absorbed its
functions. In addition to its advisory duties, the NCST
determines the development and utilization of
research resources; allocates funds for research
received from the government and from foreign
sources; promotes better cooperation between
governinent and nongovernment scientific and
technical institutes and professional societies; and
makes recommendations on scientific and technical
cooperation with other countries and international
organizatic as. The NCST has been charged with
setting priorities for future research. Although five full-
time members were to have been appointed to the
NCST, the appointments never occurred. The 10 part-
time members are under a chairman, C. Sub-
ramaniam, who now is the Minister of Industrial
Development.
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Governmental planning and financing of research
are carried out through agencies and departments
which operate in conjunction with appropriate
ministries. In addition to the NCST, one of the most
important agencies is the CSIR, which is the largest
and most influential organization concerned with the
direction and financing of scientific research and
development. It was constituted originally in 1942 and
has been placed under various ministries. It was
moved from the Ministry of Education to the Ministry
of Planning, Science, and Technology and, most
recently, has been placed under the newer Ministry of
Industrial Development. The CSIR is a semiautcno-
mous body; the Prime Minister serves as its chairman,
and the Minister of Planning serves as vice president.
The CSIR operates 35 national laboratories, institutes,
and museums, and in 1970 employed 16,000 people,
including 4,000 scientists, 3,100 technicians, 2,400
administrative personnel, and several thousand
supporting personnel. Its research facilities are
intended to be concerned mainly with applied
research, and much of the effort is defense oriented.
Some of the facilities are ill fitted to translate the
findings of their research programs into pilot-plant
and semicommercial production because they lack
qualified staff members with specific industrial
experience. Industry tends to favor proven foreign
technology and is reluctant to take the risk of going
ahead on a commercial basis with the relatively
unproven products and processes of the CSIR
laboratories and institutes. The CSIR also supports
basic research in the universities and independent
research institutes, provides research grants and
fellowships to research associations, and disseminates
scientific knowledge and information. Other functions
include maintenance of a National Register of
Scientific and Technical Personnel and of documen-
tation and information services, and the responsibility
for temporary placement of well-qualified Indian
scientists and technologists returning from abruad.

Similar to the CSIR but much more restricted in
scope are the ICMR, which has the major
responsibility for the promotion and coordination of
medical research, and the ICAR, which promotes
agricultural research. The ICMR is a private
organization financed mostly by the Ministry of
Health and Family Planning. It maintains research
facilities of its own and supports and coordinates
medical research in other research institutes, medical
colleges, universities, and hospitals. The ICAR, under
the Ministry of Agriculture, has no institutes of its own
but supports agricultural research projects in the
research laboratories of various college: and institutes.
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It maintains a research and reference library und acts
as a clearing house of information for research and
other agricultural and veterinary matters.

Defense research activities are carried out in about
30 research and development establishments
functioning under the Defense Research and
Development Organization, under the Department of
Defense Production of the Ministry of Defense. The
DRDO s responsible for coordinating and directing
scientific research relating to defense problems. It also
controls several research laboratories =nd testing
installations, including the Gas Turbine Research
Center at Bangalore and the Aeronautical Testing
Laboratory at Kanpur.? Recently, Departments of
Space and Electronics have been established as well as
a Space Commission and an Electronics Commission.
The Prime Minister serves as Minister for the
Department of Space, and Dr. S. Dhawan is secretary
for the Department of Space.

The University Grants Commission, a statutory
body set up in 1958 and responsible directly to
Parliament, supports scientific research and promotes
education in the universities. It is an influential organ
of the government and has the authority to take the
necessary measures to promote and coordinate
university education and to determine and maintain
standards of teaching, examination, and research. The
commission disburses grants to national and state
universities for higher education in arts, sciences, and
commerce; sets up committees to review teaching and
research in various fields; and has set up and financed
20 Centers of Advanced Studies, mostly in science.

The Department of Atomic Energy is probably the
most effective of the various governmental depart-
ments concerned with scientific research. It has better
facilities and scientists than the other departments and
is in a favorable position because the Prime Minister
also serves as the Minister of Atomic Energy (there is
no ministry, but rather a Department of Atomic
Energy). The Department of Atomic Energy and its
subordinate Atomic Energy Commission are headed
by Dr. Homi Sethna, who is a secretary of the
Government of India. The DRDO and Atonic Energy
Commission are responsible for formulating and
implementing policies in all matters bearing on
nuclear energy research in agriculture, biology,
industry, and medicine, and for the development of
nuclear power. The department and commission are
also responsible for preparing the budget for the
program. The Bhabha Atomic Research Center

*For diacritics on place names see the list of names on the apron
of the Summary Map in the Country Profile chapter and the map
itself.
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(BARC), Trombay, about 15 miles from Bombay, and
the Atomic Minerals Division (which is subordinate to
the Physical Research Laboratory) at New Delhi
conduct scientific and technical rescarch for the
department. The BARC is the national center for
research and development in atomic energy and is the
largest single research facility in the country. The work
of the BARC is done by five groups: Physics Group,
Electronics Group, Engineering Group, Metallurgy
Group, and Biology Group. The Atomic Minerals
Division is responsible for the survey, development,
and acquisition of atomic minerals. Other facilities
under the department which are concerned with
nuclear research are the Tata Institute of Fun-
damental Research in Bombay and the Saha Institute
of Nuclear Physics in Calcutta. The Tata institute
works also with the Department of Space.

Although industrial research is very limited, some
industrial organizations have established research
associations as the result of encouragement and partial
financing extended by the CSIR. The increasing
research activities of the associations are due to
exemptions offered by the government under the
Indian Income Tax Act, which exempts the
contributions made by industry to approved research
organizations from the computation of their total
income.

Some of the Indian research establishments were
organized originally as private foundations. Most of
them are almost wholly supported by governmental
grants, although they still have independent boards of
directors. Among the most effective of these
institutions are the Indian Statistical Institute,
Calcutta; the Tata Institute of Fundamental
Research, Bombay; the Raman Research Institute,
Bangalore; the Bose Research Institute, Calcutta; the
Indian Association for the Cultivation of Science,
Calcutta; the Shri Ram Institute for Industrial
Research, Delhi; the Birbal Sahani Institute of
Paleobotany, Lucknow; and the Indian Institute of
Science, Bangalore.

The annual budgets of the Indian space and atomic
energy programs have increased rapidly in recent
years, but large portions of the budgets have been
allocated to capital expenditures for atomic power
plants, a reac - fuel reprocessing plant, and other
items. The operating budget for the BARC scientific
departments for FY1971/72 (1 April-31 March) was
about US$15.6 ‘million. The operating budget for
space projects has been increasing at a much faster
rate than the BARC budget and was about $8.6
million in FY1971/72.
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The output of engineering institutes has expanded
sufficiently to meet the demands for engineers, and in
1969, 40,000 engineers were reportedly unemployed.
Highly specialized personnel in certain fields are not
readily available, however, and many jobs in
universities and research organizations remain vacant.
The scientific manpower deficiency has been
aggravated somewhat because many students, a large
number of whom represent the outstanding young
scientific talent of the country, have gone to foreign
countries for advanced education in engineering and
the sciences and have not returned. In 1967 the
number of Indian scientists and technologists abroad
was about 20,000 to 25,000, half of whom were in the
United States. Since job opportunities for scientists
and enginecrs especially have been somewhat
restricted, the loss to other countries has not created
serious problems except in a few specialized areas. The
government is attempting, with some success, to
persuade foreign-trained Indian scientists to return to
their homeland. The CSIR maintains a pool which has
been responsible for the temporary placement of a
limited number of well-qualified Indian scientists and
technologists returning from abroad. In recent years,
the pool has been expanded greatly and has become a
sanctuary for unemployed scientists. There is a deep-
rooted dissatisfaction among scientists, both at home
and abroad, about the commitment of India’s
political, administrative, industrial, and educational
leadership to use science purposefully as a means of
social transformation or government action. Probably
the most dramatic indication of disillusionment is the
significant overseas migration of high level
professional talent in many fields.

Salary scales of Indian scientists have improved,
although they are still low; a new Ph. D., who could
be quite good, commands less than $100 a month
salary. The social status of scientists is gradually being
raised. Many scientists, however, still consider
administrative positions in the government to be
preferable to scientific positions. Educated Indians are
becoming more aware of the role of scientists and
technologists in the progress of the country, but most
of the population has little understanding of the
relationship of science to its welfare.

Laboratory facilities for research are generally
inadequate, although there are a few well-equipped
laboratories. Many higher educational institutions
and research institutes lack modern scientific
equipment. Probably the largest and most important
research facility is the BARC. It has well-equipped
laboratories for research in physics, chemistry,
electronics, metallurgy, and biology; the facilities

include three nuclear reactors. The BARC has about
10,000 employees, about 2,000 of whom are scientists
and 4,000 of whom are technicians. It has a training
school in which more than 150 graduate scientists and
engineers receive training for 1 year in various
disciplines concerned witk, nuclear energy. The
National Chemical Laboratory at Pune (Poona),
under the CSIR, has excellent facilities for research in
chemistry and chemical engineering. Many other
CSIR laboratories are also equipped for their special
types of work. The All-India Institute of Medical
Sciences, New Delhi, founded in 1956, is housed in
extensive, modern facilities.

D. Major research fields
1. Air, ground, and naval weapons (S)

India’s capability to manufacture foreign-designed
weapons is advancing at a moderate pace. Although
foreign-designed systems are produced, the industrial
capacity is insufficieat to meet military requirements.
Defense research activities are carried out in about 80
research and development establishments functioning
under the Defense Research and Development
Council (DRDC), which is attached to the
Department of Defense Production of the Ministry of
Defense. The DRDC is responsible for coordinating
and directing scientific research relating to defense
problems. It also controls several research laboratories
and testing installations, including the Gas Turbine
Research Center at Bangalore and the Aeronautical
Testing Laboratory at Kanpur. The Defense Research
Laboratory (Materials), Kanpur, is devoted to research
and development of plastics, polymers, POL, and
chemicals. Desert research activities are conducted at

the Defense Laboratory, Jodhpur, which also field

tests equipment under desert operations. India is
virtually self-sufficient in the production of small arms
and quartermaster equipment and can produce most
of the ammunition needed by the army. Considerable
effort is being made to stimulate applied research in
solid-propelled rocketry, propellants, ammunition,
airframes and components, and avionics.
Aeronautical research related to the design,
construction, and operation of aircraft is conducted by
the National Aeronautical Laboratory (NAL) of the
CSIR and the Indian Institute of Science, both at
Bangalore. Limited basic research is conducted at
these organizations and at academic institutions where
excellent courses in aeronautical engineering are
offered. The only aircraft company in India,
Hindustan Aeronautics Ltd. (HAL), is under the
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HIT-16 Mk It Kiran

FIGURE 3. Experience with these two indigenous designs
should aid future development efforts (S)

Department of Defense Production of the Ministry of
Defense. HAL is a vast complex with manufacturing
facilities for aircraft and helicopters in Bangalore,
Kanpur, and Nasik; for aircraft engines in Bangalore
and Koraput; and for electronics in Hyderabad.
India has developed two aircraft of indigenous
design—the HF-24 Marut single-seat, twin-jet fighter
and the HJT-16 Mk I Kiran two-seat basic jet trainer
(Figure 3). Although both systems have been test
flown and are being produced in limited numbers,
they have design weaknesses that restrict their
performance. Neither system is a state-of-the-art
achievement nor competitive with many foreign
systems. Nevertheless, the Indians have acquired
design and engincering experience from  these
programs which can be applied to future development
efforts. Attempts are underway to acquire similar
capabilities in the technologies needed for aircraft
engine development and production. The Bangalore
Division of HAL is producing engines, based on
foreign designs, for the Marut and Kiran, a transport,
and the French Alouette III helicopter, being
produced in India under license from the French. The
HAL is fal)riéating MiG-21 (Fisusep) fighter
airframes and engines from locally produced

components, under a license agreement with the
U S5.S8.R. (Figure 4). HAL at Bangalore also produces
indigenously designed agricultural aireraft, named
Revathi, for crop spraying. This piston pow red single
engine plane is heavier and more expensive than
similar Western aircraft.

Acrodynamics research is accomplished by the
HAL, NAL, and the Indian Institute of Science in
wind tunnels capable of continuous testing up to
Much 3.0. The fucilities appear adequate to support
the needs of the developing aireraft industry. The
major facilities are located at the NAL's Wind Tunnel
Center near Bangalore Airport. Although most of the
work underwny  focuses on solving  design-related
problems, some basic research on boundary layer flow
is being done,

Structures research is good but limited in scope.
Both basic and applied structures research s
conducted at the Bangalore Division of HAL, the
aireraft structures and materials division of NAL, the
Indian Institute of Science, and the Madras Institute
of Technology. Full-scule aircraft strength  and
vibration test facilitics, as well as smaller equipment
for component testing, are available.

There is no concerete evidence that the Indians have
a ballistic missile research and development program
underway. India has the industrial capacity and
know-how to fabricate surface-launched guided
missiles and is gradually wcquiring the capability to
design and develop such weapons. The Indians are
assembling the French $S-11 antitank missile from
imported components and have concluded an
agreement with the French firm, Aerospatiale, for the
licensed production of the Harpon antitank missile
and for options on obtaining production licenses for
the ot and Milan antitank weapons. Rocket
components and propellants are manufactured at
several facilities, the most important of which is the -

FIGURE 4. First MiG-21 with airframe built entirely from
Indian raw materials at HAL's Nasik Division (S)
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factory of Bharat Dynamics, Ltd. in Caleutta. This
facility has design and development departments and
produces the French antitank missiles. Capabilities in
the rocket propulsion field have increased remarkably,
The Indians have successfully developed solid
propcllants for their meteorological rockets and are
working on a 1-meter diameter solid propellant rocket
motor for a satellite launch vehicle under develop-
ment. India has not demonstrated a capability to
develop liquid rocket systeins,

The Indian rescarch and development capability cor
ground force weapons is litnited; most of the efforts are
devoted to the adaptation of foreign designs and
development for domestic production. The most
advanced project of this type is the modification of a
main battle tank initiated in 1964 under an agreement
with the British firm, Vickers-Armstrong, Ltd. The
‘ndian version is a medium tank, designated
Vijayanta, which mounts a 105-millimeter gun as its
main armament and which, when fitted with u nylon
screen for flotation, has an amphibious capability.
The Indians have progressed from assembly of British-
supplied parts to the manufacture of the main
components for the tank at the Heavy Vehicle Factory
at Avadi near Madras. The Vijuyanta has been used as
the basis for other developments, including an
armored recovery vehicle and a self-propelled 130-mm
gun artillery system.

India has developed and tested antipersounel and
antitank mines, and a mechanical mine planter of
native design has been introduced into the army.
Research is continuing on propellants for small arms
and artillery, and some work is underway on
explosives. Other research projects have included a
canister ammunition for 57-mm and 106-mm
recoilless rifles. The French have provided technical
assistance on development of 120-mm  mortar
ammunition. An indigenous rescarch effort has been
underway on developing a 73-mm pack howitzer with
supporting ammunition and a 103-mm howitzer.
Reportedly, the 753-mm pack howitzer is in
production.

A major cffort is being expended in the
development of clothing and individual equipment.
Military rescarch facilitics have performed high-
quality research, particularly on textiles. The trend in
clothing design and development is characterized by
emphasis on the environmental parameters, especially
protection from cold-weather conditions. Consider-
able work also has been done on shelters, fuel, and
rations for troops in the Himalayan arca. Some work is
underway applicable to troops in deserts. Research is
continuing on biodeterioration of textiles, cellulosics,
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rubbers, leathers, polymers, paints, and metals. Much
of the research is done under the supervision of the
Defense Research Laboratory (Materials), Kanpur.

Limited work is being carried out on military
transportation, airdrop, bridging, and topographic
equipment. The Indian Institute of Technology in
Mac as has o materials conveying and handling
laboratory with modea experimentsl and  testing
equipment. Only limited rescarch and development
have beeiw performed ou bridging equipment. Little
cffort is devoted to military  motor-transport
cquipment.

India does not have a naval weapons research and
development program, and efforts by the navy to
initiate such a program have been unsuccessful. Until
expansion of the naval base at Vishakhapatnam is
completed in mid-1974, the only naval yard capable
of handling the larger Soviet-supplied ships is the one
at Bombay. Since 1962 the largest dockyard,
Mazagaon Docks, Ltd., Bombay, has built British
Leaxpen-class destroyers, while two smaller dockyards
in Calcutta have constructed smaller naval
combatants.

2. Biological and chemical warfare (C)

India is not known to have a biological warfare
(BW) or chemical warfare (CW) research and
development program, and it has signed the Biological
Warfare Convention of 1972. The country adheres to
the Geneva Protocol of 1923, which bans the offensive
use of toxic chemicals or hiological weapons. Several
institutes engaged in microbiological rescarch aimed
at improving health standards of the Indian people
could be employed in the support of BW rescarch.
Microbiological rescarch is underway on drugs and
vaccines to control endemic human and animal
discases, such as cholera, enteric fever, typhoid, foot-
and-mouth discase, encephalitis, vellow fever, and
anthrax. Research on plant diseases is directed azainst
rice blast, bacterial blight of rice, wheat rust, and viral
discases of potatoes and sugarcane.

3. Atomic energy (S)

India has established a fairly advanced nuclear
energy program, under the direction of the Atomic
Energy Commission, encompassing basic reseurch, the
use of radioisotopes, and the development of nuclear
power. The overall program is somewhat limited due
to a shortage of trained personnel, lack of foreign
exchange to purchase needed equipment abroad, and
an insufficient industrial base to support a large scale
program. Nevertheless, the nuclear program reached a
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stage of development several years ago which would
permit India to embark on a small nuclear wezpons
program if it should decide to do so.

The principal efforts of the Atomic Energy
Commission have been the establishment of the
Bhabha Atomic Research Center (BARC) and the
construction of nuclear power stations. The major
research facilities of the BARC are ASPARA, a 1-
megawatt (MW) swimming pool reactor, which went
into operation in 1956; CIRUS, a 40-MW heavy water
moderated, natural uranium fueled research reactor,
which went critical in 1960; and ZERLINA, a zcro
energy critical ussembly, which went into operation in
1961.

The enriched uranium fuel for the ASPARA reactor
was supplied by the United Kingdom, but the natural
uranium fuel for the CIRUS and ZERLINA reactors
was produced by India except for one-half of the first
fuel load of the CIRUS that was supplicd by Canada.
Heavy water for the CIRUS and ZERLINA was
supplied by the United States. A small heavy water
production plant at Nangal went into operation in
1962. This plant produces heavy water as a byproduct
of a fertilizer plant und has a capacity of 14 tons per
vear. In addition, a 67.2-ton heavr water plant is
under construction at Vadodura (formerly Baroda).
due to go into operation in 1973. Three other heavy
water plants are also under construction—a 100-ton
plant at Kota, due to go into operation in 1974, a 71.3-
ton per year plant at Tuticorin, due to go operational
in 1974-75, and a 62.7 ton plant at Talcher, due to go
into production in 1976.

!ndia plans to establish, with French assistance,
another nuclear rescarch center near Madras at the
future nuclear power station of Kalpakkam. The
center is expected to take about 5 years to build and
will include a 10-MW test reactor for work on fast
reactor technology, which would be aimed at utilizing
India’s extensive thorium deposits for producing
power.

The Indiun Government has stated that it does not
intend to develop nuclear weapons, but government
officials have indicated it development of nuclear
explosives fo: peaceful uses ic recoiving serious
consideration. Such explosives would have an obvious
military potential. India has all the facilities necessary
for the production of small amounts of plutonium for
use in nuclear explosives. GAKC possesses facilities for
uranium metal production, fuel fabrication, irradiated
fuel reprocessing. and plutonium metal reduction.

India plans to have three nuclear power stations in
operation by about 1975. The fint nuclear power
station located at Tarapur. about 60 miles north of
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Bombay, went into full operation in June 1969 with an
installed electric power capacity of 380 megawatts
clectrical (MWe). This station consists of two '".S.-
supplied boiling water reactors using slightly er ched
uranium provided by the United States. The second
nuclear power station is being constructed near Rana
Pratap Sagar Dam in Rajasthan with Cuanadian
assistance and will have two natural uranium fueled,
heavy water moderated reactors, identical to the 200-
MWe Canadian CANDU-type reactors. One of the
two reactors began operation in August 1972, while
the second reactor is expected to go into operation by
1975. These reactors are to be under safeguards
intended to prevent diversion of plutonium to
weapons use. India is constructing a third nuclear
power station at Kalpakkam, in Tamil Nadu, which is
identical to the Rajasthan station; work has started,
but there is o firm project date for the station to go
into operation.

Uranium and thorium mining have been underway
since 1951 using monazite deposits of the southwest
coast of India. The country possesses one of the world's
largest deposits of monazite, the principal soarce of
thoriuni, and also has large low grade reserves of
uranium. Uranium is being mined in the State of
Bihar at Jaduguda (near Jamshedpur) by the Uraninm
Corporation of India, Limited. A mill capable of
processing 1,000 tons per dev of low grade ore has
been in operation since 1968. Plans are underway to
develop u 2.500 tons per day mill at Narwapahar, near
Jaduguda.

4. Electronics (S)

Electronics research and development continue to
grow at ever-increasing rates, largely  because of
technical assistance from the United  States. the
United Kingdom, and the Soviet Union. The research
is inostly applied and centers on the improvement of
existing systems and componente. The Telecom-
munications Rescarch Center at New Delhi of the
Ministry of Communications has the maost active
clectronies research program in India. The center has
designed or improved teiophone exchange, converter,
and ringing equipment. Industrial electronics research
is carried out by four major producers of electronic
cquipment—Bharat  Elecironices, Bangalore:  the
clectronies division of the HAL in Hyderabad; the
Electronic Corporation of India. Hyderabad: and the
Indian Telephone Industries. Each of these companies
was established to assemble specific equipment under
license and subsequently acquired an indigenous
apability to develop the equipment. The Indians are




doing good quality rescarch in radio propagation, but
the work is not extensive.

The Indians have made considerable progress in the
design of converters for translating teleprinter codes to
pulses that operate step-by-step switcnic.. Radio relay
equipment operating at 7 gigahertz and providing 300
telephone channels has been developed. The National
Physical Luaboratory of the CSIR at New Delhi has
conducted extensive ionospheric research. Significant
clectromagnetic research in the field of surface wave
phenomena has been carried out by the Indian
Institute of Science. Some: work has been done on the
practical application of laser communications,
Limited research has been conducted on transistorized
devices such as telephone repeaters and  carrier
equipment.

5. Medical sciences, including veterinary
medicine (S)

India is making substantial progress in its national
program to improve the quality of biomedical research
but is still far from achieving the rescarch level of
advanced countries, especially in fundamental studies.
Rescarch programs are coordinated by the CSIR and
the Ministry of Health and Family Planning, with its
associated Indian Council of Medical Research
(ICMR). The council has sev~n permanent rescarch
institutes—the National Institute f Nutrition,
Hyderabad: Virus Rescarch Center, Pune (formerly
Poona); Cholera Rescarch  Center, Calcutta;
Tuberculosis  Chemotherapy Center, Madras:
Occupational Health Research Institute, Ahmada-
bad: Institute for Research in Reproduction, Bombay:
and the Indian Registry of Pathology, New Delhi. The
latter facility has five peripheral centers. Biomedical
establishments of the CSIR include the Indian
Institute of Experimental Medicine in Caleutta, and
the Central Drug Rescarch Institute. Central Indian
Medicinal Plants Organization. and  Industrial
Toxicology Rescarch Center, all in Lucknow.

Education in biomedicine is of poor quality. The
government has embarked on a program. with U.S.
assistance, to improve trairang in the discipline. The
most important medic={ school is the All India
Institute of Medical Sciences in New Delhi, which
receives support from the United States and the World
Health Organization (WHO) and through the
Columbo  Plan. The institute provides a good
education in biomedicine; its professors are among the
world’s best.

Prionty areas of research supported by the TCMR
include reproductive  biology, family  planning,
nutrition. and discase control.  Microbiological
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research is not outstanding. The ICMR has created a
division of clinical immunology and epidemiology
which supports research to combat infectious discases
such as plague, cholera, and viral diseases, and
noninfectious diseases such as diabetes, epilepsy, and
diseases of the eve. Plague studies ave undertaken by
the All India Institute of Medical Sciences, the
Haffkine Institute in Bombay, and National Institute
of Communicable Diseases in Delhi. The Indian
Institute of Experimental Medicine is investigating
the epidemiology and prophylaxis of cholera and is
developing  phage-typing techniques for study of
classical und El Tor strains of cholera infections and
for differentiation of the types of cholerogenic vibrios.
Rescarch at the Central Rescarch Institute at Kasauli
is directed to the development of vaccines and serums,
the preparation of national reference standards, and
training of personnel.

Some impressive physiological research is done on
neurophysiology, cardiovascular function, and sleep.
Biochemical studies are practical and include the
isolation of enzymes involved in microbial metabo-
lism, the biochemistry  of pneumoconiasis, the
isolation from tissues of tumor growth inhibitors, and
the biochemical wnd biophysical organizatio + of
intercellular tissues. Lyophilized snake venom, pure
fatty acid esters, and papain have been isolated.
Studies are underway to synthesize organic chemicals
by fermentation. A promising arca of research at the
Assam Medical College in northeast India is the study
of hemoglobinopathics and their relation to tribal
groups. S. R, Mukherjee of the Department of
Experimental Medical Sciences of the Institute of

Postgraduate Medical Education and Rescarch in
Caleutta has diseovered an antiepileptic drug and has
contributed to research on the endocrinological.
physiological. and  pharmacological  effects of
indigenous plant drugs. He also has done research on
cardiovasculin homeostasis.

The Central Drug Rescarch Institute of the CSIR is
doing routine work on the development of new
therapeutic agents, both synthetic and those derived
from plants. Pharmacological sereening of the drugs
includes tests for hypotensive, anticonvulsant, central
neevous system stimulant and depressant, spasmolytic,
analgesic, diuret' e, antihistaminic. and  anti-
inflemmatory action. Biochemical and biophysical
studies of drugs are aimed at blocking the metabolie
pathways of pathogenic organisms and at attacking
vulnerable enzyme systems of helminths and amocebas.
Intensive biological sereening of medicinal plantsis an
integral part of the drug developmicai project of the
institutes. Medicinal chem. _ry is given considerable
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attention in the survey and screening of medicinal
plants to discover new drugs and alternative sources of
drugs in use. The plants are screened for antifilarial,
antihelminthic, antiviral, antifungal, antiamoebic.
and antitumor acti ity. A national herbarium is
maintained in Calev ia which supports rescarch on
plants of medical and economic importance to India.

The Industrial Toxicology Rescarch Center is
studying the mode of action of toxic substances
encountered in industry, agriculture, and mines and is
clucidating the mechanisms of tissue injury in order to
suggest therapeutic and preventive measures,
Psychopharmacological tests aiso are carried out to
detect behavioral changes associated with intexication
by substances which affect the brain,

The Central Food Technology Research Institute of
the CSIR in Mysore, in collaboration with FAOQ, is the
International Food Technology Training Center for
the countries of South and Southeast Asia. The
institute is developing improved methods of
processing, storing, and preserving food materials and
has produced u protein-rich dairy product which
includes buffalo milk, peanut meal, and skim milk
powder. A feasibility study is underway on a field
testing instrument for use in the assay of fortified and
high protein staple and processed foods. Irradiation of
foodstuffs is being carried out, and tests are underway
on preservation, prevention of infestation, and
pasteurization. The medical aspects of radiation are
being studied in conjunction with the Indian nuclear
energy  program, and a training course in food
irradiation is given at the BARC.

In the area of fumily planning, India is undertaking
extensive  demographic rescarch and studies in
reproductive biology and fertility control. Drug and
mechanical contraceptive devices are being developed
by the Central Drug Research Institute.

Military medical research for the three services is
conducted by the Defense Institute of Physiology and
Allied Sciences at New Delhi, the Defense Rescarch
Laboratory (Materials) at Kanpur, and the Institute of
Nuclear Medicine and Allied Sciences at Delhi. The
emphasis is on high-altitude and mountain-warfare
operations, especially on food and water requirements,
pulmonary edema, and injuries sustained under cold
weather conditions. The Indian Air Foree School of
Aviation Medicine at Bangalore conducts research on
aviation physiology. including light flash cffect,
particularly on night vision, factors affecting mental
and psvchomotor functions of aircrews, and the effect
of tropical heat and humidity on personnel during
preflight  procedures. Research related to  naval
physiology concerns close fiving on submarines and
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ships, noise on aircraft carriers, arterial 2ir embolism
during ascent from :hallow dives, and speed
perception.

The Indian veterinary medical rescarch capability is
limited. Veterinary rescarch is primarily applied and
oriented to the animal discases of major economic
significance. The Indian Veterinary Rescarch
Institute, with laboratories at lzatnagar and
Mukteswar, both in Uttar Pradesh, has an active
program to develop aiethods for large-scale
production of effective vuccines for hemorrhagic
septicemia and rinderpest. Veterinary research also is
carried out by the Institute of Veterinary Preventive
Medicine at Ranippettai (formerly Ranipet) and the
Central Leather Research Institute at Bangalore. In
geaeral, rescarch emphasizes the development of
improved vaccines and biologicals and of methods for
quantity production. The animal diseases of major
importance are foot-and-mouth discase, Newcastle
discase, rinderpest, tuberculosis, salmonellosis,
anaplasmosis, brucellosis, rabics, and glanders.
Infectious infertility discascs, especially vibriosis and
trichomoniasis, are a major cause of economic loss to
the livestock industry. Significant financial support is
provided by the U.S. Agency for International
Development, the U.N. Food and Agriculture
Organization, the United Kingdom, and private
foundations.

6. Other sciences (S)

a. Chemistry and metallurgy

A substantial amount of research in chemistry and
metallurgy is conducted. Although much of it is
routine and lacks originality, the rescarch has been of
sufficiently high quality to offer satisfactory solutions
to many of the problems associated with materials
development. The universities devote a large part of
their cffort and personnel to basic chemical research.
Most of the upplicd rescarch is done in such facilities
as the BARC, the National Chemical Laboratory, the
Central  Electrochemical Research Institute  at
Karaikkudi, and various cential and  regional
laboratories set up for specific firlds of chemical
research. Chemical and metallurgical research by
private industry is very weak.

India appears strongest in organic chemistry, and
some of the bese rescarch has been done in this arca.
High-quality basic research has been done on the
isolation. characterization, and synthesis of natural
products derived from native plants. Probably the best
work is done by rescarchers at the Univenity of Delhi
under the direction of T. R. Seshadri on chalcones.
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flavonoid compounds, coumarins, terpenes, plant
pigments, and other natural products. The Punjab

4 University has an active rescarch program on
3 terpenoids and on heterocyclic compounds containing
3 both nitrogen and sulfur. The Institute of Science at
4 the University of Bombay stresses rescarch in organic
chemistry, particularly the synthesis and reactions of

heterocyelic compounds. The National Chemical

4. Laboratory is strong in organic chemical research and
is doing rescarch on the synthesis of heterocyclic
-8 compounds, such as azulenes, thiophenes and related
compounds, and epoxides. It recently has become

k- interested in the synthesis and reactions of isocyanates.

K Considerable work is done on anthraquinone and

violanthrone dyes and on the applications of nuclear
magnetic resonance spectroscopy and mass spectrome-
try to problems concerning dyes. Only a small amount
of research is devoted to polymers, synthetic fibers,
and synthetic rubber, ficlds of chemistry that receive
extensive study in the more industrially advanced
countries. In general there is only limited activity in
i physical organic chemistry, partly because of a

3 shortage of modern instruments at most laboratories.
9 Research in biochemistry is very weak. Some
3 research is pursued at several facilities, including the
biochemistry department of the All-India {nstitute of
Mcdical Sciences in New Delhi. The department has
done some research on estrogen binding, brain
ribonncleic acid, and polypeptides.

A considerable amount of research is underway in
inorganic and analytical chemistry. Much of the
rescarch in inorganic chemistry is concerned with the
study of ferrocyanogen complexes in general, heavy
metal soaps, interaction of metal ions with gelatin,
and polarographic and spectrophotometric studies.
The BARC has been actively working on neutron
activation analysis, spectrographic determination of
metals, and spectrophotometric analysis, particularly
as related to the field of nuclear cnergy. Many
e 1 problems in inorganic chemistry related to the
preparation and processing of nuclear fuels are studied
in the BARC laboratories. The Indian Institute of
Science, the University of Allahabad, and the
University of Delhi have active programs for the

development of specialized analytical techniques. The -

institute has developed an extraction technique which

b is used in conjunction with neutron-activation
: analysis. Analytical techniques related to soil and
o . fertilizer chemistry also are being studied by the
3 ; Fertilizer Corporation of India at Sindi, several

; ] universities, and agricultural colleges.
! Research in physical chemistry is fairly broad and

includes studies on chemical kinetics, structural and
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quantum chemistry, surface phenomena and catalysis, )
thermodynamics, and electrochemistry. One of the . )
important physical chemists in the country, Ram C. T
Paul of Punjab University, has worked extensively on
Lewis acid complexes and on the properties and uses
of polar solvents such as organic acid chlorides, )
dimethylformamide, nitro compounds, and ethyl
acetate. The Central Electrochemical Research
Institute is the major Indian facility for rescarch in the
theoretical and applied aspects of electrochemistry. It
works on clectroplating of metals and alloys,
clectrolytic and electrothermal processes for
production of metals and chemicals, electrolytic
oxidation and reduction of organic compounds,
corrosion, and corrosion inhibition.
For an underdeveloped country, India conducts a
surprising:y large amount of metallurgical research.
Most of it is of a fundamental nature, however, and is :
of little benefit in improving the very low level of
metallurgical technology in the country. The rescarch
is not well ccordinated. The effort is supported by
forcign funds, mainly from the United States, the
U.S.S.R., and the United Nations. Most of the
research is undertaken at the National Metallurgical
Laboratory of the CSIR at Jamshedpur and at the
BARC. Some research also is carried out by the Indian
Institutes of Technology in Kharagpur, Kanpur, and )
Bombay; the Indian Institute of Science; the Defense o
Metallurgical Laboratory in Hyderabad; the National
Acronautical Laboratory in Bangalore; the University
of Roorkee; and the Banaras Hindu University in
Varanasi. The effort at the institutes of technology is
directed primarily to producing engineers.
Research at the National Metullurgical Laboratory
has concerned a wide variety of subjects including the
benefication and reduction of ferrous and nonferrous
ores, the physical metallurgy of steel, the development
of special steels, oxidation and corrosion studies, and
the conservation of eritical metals. The laboratory
operates several pilot plants, a corrosion rescarch
station at Dighwara in West Bengal. and a foundry
station at Batala. .
The Defense Research Laboratory, a well-equipped
and staffed facility, conducts rescarch on military
metallurgical problems. Considerable research has
been conducted on corrosion and stress corrosion
cracking of military hardware. Studies have been done
on roasting of copper ores, the powder metallurgy of : )
copper, coatings for refractory metals, expusive ‘
welding, and stress corrosion cracking of low-alloy and
stainless steels. The National Acronautical Laboratory
has done  considerable high quality research on
recrystallization, age hardening in aluminum alloys,
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and creep and rupture of heat-resistant alloys. The
laboratory excels in crystallography and electron
microscopy.

The BARC has carried out extensive research on
materials for nuclear application. The work has
concerned the production of nuclear metals, the
fabrication of nuclear grade zirconium alloy mill
products, the cladding of fuel clements, corrosion of
nuclear metals, and the effects of radiation on the
propertics of structural materials.

Most of the university-conducted rescarch is done at
the University of Roorkee and the Banaras Hindu
University. The main area of research is metal physics,
especially the electronic structure of metals and alloys.

b. Physics and mathematics

Although India possesses the potential for
conducting resecarch in a number of subfields of
physics, capabilities with few exceptions are low. In
general, efforts underway are only attempts to refine
research done by other countries 10 to 20 years ago.
Almost half of the physics research is devoted to the
broad areas of solid-state physics. Research in high-
and low-energy nuclear physics also is stressed. The
remaining subfields of physics receiving a significant
amount of attention are optics, gravitation and
relativity, atomic and molecular physics, acoustics and
ultrasonics, magnetohydrodynamics (MHD) of fluids,
and quantum electronics. A large amount of research
is done in theoretical physics because of the lack of
equipment needed to conduct experimental research.
The best physics research is carried out by the BARC,
the Tata Institute of Fundamental Research, the Saha
Institute ot Nuclear Physics, and the Indian Institutes
of Technology at Bombay and Kanpur.

Solid-state physics research has concentrated on the
study of properties oi materials. Rescarch in
crystallography is done in the universities and supports
the solid-state physics rescarch effort. Physicists are
studying crystal structures of many semiconductor
elemenis and compounds. Some research has been
done on the preparation, purification, and growth of
single crystals of indium antimonide which can be
utilized for turther developments of photosensitive
clements. The Solid-State Physics Laboratory in New
Dethii is active and modern.

India is doing a limited amount of basie research in
nuclear physics. [ Most of the universities and technical
institutes conduct shme research in the field, but most
of it is of an academic nature related to advanced
degrees. High-en .rgy nuclear physicists are investigat-
ing many aspects associated with nuclear structures
and energy levels and are highly competent in their

theoretical studies dealing with hadron scattering and
interactions. Some work has been done in cosmic ray
research with the support of the United States, the
United Kingdom, and Japan. Research in low-encrgy
nuclear physics is devoted to the study of reactions and
decay schemes associated with isotopes. The most
impressive work, although conventional by world
standards, is being done at the Saha Institute of
Nuclear Physics, where investigators are studying
neutron emission from prompt fragments in the fission
of excited nuclei.

A modest amount of research is being carried out in
physical and geometrical optics, with most of the work
concentrated at the National Physical Laboratory and
the Indian Institutes of Technology in Bombay and
Delhi. Physical optical research is closely related to the
study of dark field images under coherent
illumination. A significant portion of optical physies
rescarch is related to spectroscopy and dark-ground
microscopy. Some geometrical optis research s
related to optical components associated with lascrs.
Among the many applications of lasers being
investigated are uses for communications and
holography. Most of the laser rescarch occurs at the
Institute of Technology in Bombay, where the effort is
centered on holography.

Rescarch in theoretical physics has stressed the study
of gravitational fields and relativity. Most of such
studies are underway at the Institute of Theoretical
Physics and various larger universities. Some
cxperimental work is underway on a limited scale on
the effects of varying axial magnetic fields on the
stability of gravitating cylinders.

Research in atomic and molecular physics is
concerned with studies dealing with Raman, infrared,
vibrational, and emission spectra of various chemical
compounds associated with organic molecules.
Ultrasonics and acoustics research is limited to the
stucy of shock waves by researchers at the Defense
Science Laboratory. The Indians are showing an
increasing interest in MHD. Studies are theoretical
and have concerned the general theory of hydromag-
netic wave propagation in a magnetoactive plasma.
The best research is centered at the Institute of
Technology in Bombay where all aspects of MHD and
magnetogasdynam.cs are being explored.

Contributions in mathematics have been insig
nificant. The quantity of rescarch has increased since
1966 but is still meager and generally of low quality.
The emphasis has been on applied statistics La.gely
because of strong governmental support and
encouragement, which is based on the need for
accurate and practical statistical methods for
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population surveys and governmental planning
operations. The Indian Statistical Institute in Calcutta
conducts rescarch in the field and acts as a consumer
research organization, The Indizns have begun
research in analysis, especially in funztion theory and
infinite serics. Mathematicians at the universities are
maintaining some interest in sets, logic, and number
theory, but the rescarch is superficial. There is some
interest in differential geometry, but no activity in
topology.

India has had modest computer research and
development projects at the National Computing
Center of the Tata Institute of Fundamenta! Research
and at BARC; most of the Indian applications,
however, have depended on imported compuiers. The
BARC has developed a small computer, the TDC-12.
India also has made some computer ancillary devices
under license and has negotiated with the United
States and West European countries for licenses to
produce clectronic components and circuits for hoth
domestic use and export. Several Indian facilities have
received technical advice and a few models of
computers and related devices from the U.S.S.R. The
government has established a National Computer
Corporation with headquarters at New Delhi. India is
a member of the International Federation of
Operations Research Societies but has not made any
contribution to this branch of mathematics.

¢. Astrogeoph:,sical sciences

Research in astrc::omy is increasing. The most
important center of resecarch is the Nizamiah
Observatory of Osmania University of Hyderabad.
The section of the observatory near Rangapuram, 40
miles southeast of Hyderabad, is equipped with a 48-
inch reflector supplicd by the United States. The
Department of Astronemy at the university, together
with the observatory, has been designated a Center of
Advanced Study in Astronomy by the University
Grants Commission. The observatory has participated
in the international preparation- of astrographic
catalogs and during 1965 cooperated with Mount
Wilson Observatory, California, for the measurement
of star radials. It also has conducted studies of variable
stars and theoretical studies on the dynamics of
galaxies and of clese binary systems. The observatory
is the hest equipped in southern Asia and is important
to international asticnomy because there is no other
low-latitude observatory of comparable capability
between Egypt and Japan. Other optical astronomical
research, some of which is solar, is conducted at the
Astrophysical Observatory, Kodaikanal, of the Indi-
Meteorological Department. Rescarch in astrophysics
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also is carried out by the Uttur Pradesh State
Chservatory at Naini Tal and the Department of
Physics and Astrophysics of the University of Delhi,
designated a Center of Advanced Study in Theoretical
Physics and Astrophysics by the University Grants
Commission.

While a minor amount of rescarch is done
clsewhere, the principal facility for radio astronomical
research is lhe radio telescope at Ootacamund, in
southern India. It was designed and built under the
direction of the Tata Institute of Fundamental
Research and became operational in 1970. Located
near the earth’s geographical equator, it is unique in
that its longitudinal axis is parallel to that of the carth,
permitting it to follow radio soarces continuously for
up to 9 hours 30 minutes. The telescope will be used to
study radio cmissions from distant galaxies and from
pulsars and quarsars.

India is active in ionospheric and radiophysical
research, and individual scientists nave done
outstanding rescarch in the ficlds. The Institute of
Radio Physics and Electronics of the University of
Calcutta has been designated a Center of Advanced
Study for Radio Physics and Electronics. lonospheric
and radio propagation studies are conducted by a
number of other organizations, notably the Radio
Propagation Unit of the National Physical Laboia-
tory, New Delhi, and the Physical Research
Laboratory of the Ahmadabad Education Society,
Ahmadabad. Rescarch has included, in addition to
making ionosonde obscrvations, ionospheric absorp-
tion and drift studies, Faraday rotation measurements
of satellite transmission, and very-low-frequency
propagation investigations. Airglow and cosmic ray
studies also are made, the latter mainly by the Tata
Institute of Fundamental Research and the Physical
Research Laboratory.

Meteorological rescarch is largely of un applied
nature. Emphasis has been placed on data collection
and transmission and on designing and producing
instruments. India has a well established weather
service, the India Meteorological Department; it is
hzadquartered in New Delhi and uas an Institute of
Tropical Meteorology in Puae. The departraent and
institute have emphacized rescarch on rainfall in
India. Work in weather forecasting is not highly
advanced, but good work is done in the study of
monsoons and the general circulation of the
atmosphere. A U.S. installed automatic picture
transmission (APT) receiver is located at Bombay to
receive transmission from U.S. meteorological
satellites. Other receivers are located at Calcutta, New
Delhi, and Madras. India is establishing a radar
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storn-waening mtwak aleng 10 cuasts atkd s ciclone
waraing and sesearch cenler at Madraw

Since the cady Ubth ladia has deveboped onil
sulecquent iy stalntalord an actlve dppet slarerplieric
wsearch eogram. Tluaugh it pusticipation la
Iotematinmal peogrums wixl as & tesult of benellits
derived frumm furctgn tecduies] avdstance, the countey
lias sopdted a codimentacy capalility Ly st v
avaciated sdirnons, padiculathy Uwne nlating 10
cominuicatins. The Ilians e conducted with
tho Sovirds o wuading rackel rugenm (ot
icrologieal prrpores ovet the vt 2 yron: wine
WO, M- 100 mchety were lonnched. The upger
slmosplicric emeasch progran reccivesl u oot i 1961
when Bdia dgncd o Qoemdag agicemcnl with France
1o prhsce the Centounr. The (b tuunch ol un
dndian- manufudured Centoure vecuried b Febimary
1969, The t(ochnics] Lnow-how aoyquired in the
sinductinn ol the Confamre lar raabied Jidisn to
davelop its ownsoumling nocket program. The lint of
the sngle stage Rohtn! swres wai 1ot fied i
November 1967, and the (et of the Menaka wiies, o
iwo-stupe sounding rochel, was lest (i {5 late 1068,
el for hese (un phets was poduced (n [aciliths at
Khadhi (formeily Kishen). Laler genrratbon mckets of
the Rolkiai and Menolo wdes are nnder development.
ledda ubw t desclnping a fourstage sodid propethunt
vatellite Lannch vebiicle with u lifiefl welglt of 17
ineLice tony

Dr. UM Rho of the Indian Plipsleul Newcarch
latweratney iepewted that prototype fubiiealion of
India's fint @ellite B umlewsay The 238-bg Bahinl
satellite v schrdided o e Lsunclied In (UTS inlog o
Sondel Cosrans lenh vehicde frum o lanichs pad o
the Sovied Unbon. The spacectufl §s L woy ant three
seienlilic sperenents, induding lonanplieric and X-
ray measutritichls

Managenient of the space rogtam apneacs (o be
divided beiween the Indlan Space Rescarch
Osganization {ISRO) of the Bepartmient of Atoinle
Energy and the Indlun Natieaal Cominlitee for Space
Noacand (INCOSPAR) undet (he lodian Nufionol
Scirove Academiy. apparcolly, ISRQ is the prindpal
govermenontay) agenty manaping lhe more applied
wspech ol the counlry’s space ancanch program, swcd)
as thow lavelved in the deign. developmen), and
producilan of space hasdware; INOOSPAR b focuslig
grealer attention on the throutic vudy of e space
anoclind setencer. INCOSPAR cnintinnes 1o epresent
Indix at meetings of e [nternational Coinnsiltee on
Space Naearch (COSPAR). Additunal organtzatom
concrined with (e spave program ate te Pliyddeal
Rewarch {atwratory ot Almadabad, the Nationat
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Physical Labortory al New Delbil, the Atnphydeal
Olncr\ulur)' al Rodlaikual, the Tatla lavitnie of
Fandameoin! Resencl, and 1he Metearaligical
Center a) Cobilna,

In (063 INCCSIAN, with the anisiame of thr
United Staler. Frauce, und the Sovlel Unbon,
esatlihol a modest wounding mocket lonnch facility,
the Thumby Equatodal Micket Lauuching Stution
(TEMLSY. war Trivaodrum in wiilben Indlo.
Thomha s uae of the few sies Tiates) wear the
geamagnellc reqeator and has Lren accondrd UK.
'pnmunhlp wr an Igteenulonul  eckel  tacge,
Comparivn of datu obiulned w1 Praalt's Baretrar do
Infemo mchet muge with Ukne 21 TERLS will panide
inipatlant infocmation an reny arras of space
acthily, Incdudiog thess of cnmmunicatlons and
abmenphpiie physic,

The Space Sdrice amd Techinology Cotiter §s
lvcated nrae the Thumla ange wikd Iz facilities for
Gublding, testing, and integnating eoeker ail satellite
pasloads. The cettee b sespansitic far the
malbtename of geound olsenation satlons, the
comduet of ground based spuee espermenls, and (e
developmenl of spave relutedl senson und imtemenis
Adjaceat 1o ol the eenter and Thumla taoge ivu
mcket pinpellant plant ancd mcket pruductiun fudlity.
This fundblty is prodiusang the (ndlu rockets, incduding
te French lkenws] Gontare kst N b been
separted thay 2100 people are working al 1hls
comples, af which 3X) e production worken

A secund Jaunch-test ochel range has been
ctablishrl vo Sebsrikote Island i the Bay of Bengal
noith of Modrs, Thiv muge wa la limited operation
w of Ocloler 1971, when at least theee sl
launches of a Mokint series mchet, Une RI1- 133, wree
adieved. The orra and locathon makes the site
sultatle Ins launching very lagge rockets, Contruction
b apprrenily underway an a Lwnch padl fur the sinall
hlan wiellite Lunch sebide seleduled 1o becons
opwrational In 1075, An Intehs) commenication
satellite goouand atatin has been muntneded a1 Arvi
and sonthier it being cundnicied al Hordwar.

Uil has commiticd henell 16 1he developnient of
domesthe rommphicalion satellites, comusticatiuns
gmnird equipuent, sl waiellile lavade equipmeat
capuide al sitalning synchmnom ordfls. Howerer,
indls tacks the mdusidal base lo supper such
pergrats atd Wil prolialdy flnd U mceisary 1o
atvjure » grest deal o furcign malerinl and
techintogy la supjon Diese gaale

Temtrial geophiysiral treardi is (nvadng. The
Ceoplipies Reararch Boand of the CSIR counlinales
the reacarch. Tho Notlenal CGenphytical flesearch
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ttfiate. Wysleratad, also umder the CSIK, i the
neinclpal geophysionl et center, It has @
Keamagnelic vinervatory, as well us a selimedoglcul
ohsetvutury, ut Hyderabad und a seodectric
olnenstory al Chulupaly, uboul 40 miles southeast of
lyderahad. The India Merondkegical Depanment
hus lowr geomagaellc stations; the prncipal poe, the
Alibag NMugnetlc Olnrnalory, abaul 18 mils frum
Momhay. B o of the wordd'e pddmary imugpetic
furtlitier. The depuriment ulso vperutes a pelwoik of
atwnt LA seismic slntlons; the centmt Seismalogical
Olnervatory al Shillang conndinates seiimic datn. The
Indians arc engaged In ueramagnetle und gmupd.
funed magnetic sunveys end have undezluken studia
ol micropulsations, Same of 1he mkcrvpubation dat
uir shared with the Saviels An {nvesligalien of the
shaicity st the Himulayan Tsthillh i1 unkletway.
Othies rewarch is bedng done la palenawgnellun, A 3-
year peogam to sl udy deformations of the canth's cruv
b ln effect. The Indlum alo are engaged in
geophyscal esplacatiug and In cullaboention with the
U.SSI huve sstahliied a Center Dix Exploration
Crophysios a1 Osmanla Univenlly.

Mave rewarch In genlogy is condocted In e
univeslifes In speli subjects as geochembiry,
geomorphalogy, 1limelayon geology, minrmlogy,
mlcontulisgy, pelrology, atd sirudural geolegy. The
gealogy depariments of Punjun Univeslly and the
Unlvenity of Sagar spomor cerden of milvanced shudy
(0 the fiedd, The Cralogical Sutvey of Ilis, with
heatdepuanens in Caleutta. hous ehght eeglonsl aresisond,
In eddition to geologlcal mapping. hus conducted
geological and groplinsical prnpeeliey fur minemts.

A medenate geadetle research prograra Is unlerawy,
and gendetfc Adangulolion, preclse tuvee, and
gravily surveys are acootplithed ob a sporudic k.
The Gewmdclle and Neweareh Branch of the Sunvey of
India in New Oelbt 1s the zgency respomitile for
geodetic muik; In Iimes of nathmal emetgency, the
Directorate of Military Suney would uvumt contml
of geeddelic andd nappling acilsities

Sinoe World Wag LE the survey lun reolnenved some
of thie seeandary Ifangalalion tiels and inserted iw
erodetic haw lines and Loplove contnd wheie
neersaary |y comeet deficieackes und malse thr accnrucy
1o modem primary dandarde The Indians have used
In patl the date aeqquined slace 1043 Lo deteimine the
bouadary between Wndia and Pakistnz, In aseriain
the amannt of hodzoatal novement on the rarth’s
crusl cuned by carthoirukes, aral o atd in the sdudy of
the lcal gewid os rellected by the vhanges of
Urflection of the vericat cawed by selimlc action
Althaugh & readjinttnent of the prdmary 1daugalution

nel war made forscientific pongroses in 1837, the (K50
adjustient siill Iy wed av the bads (or abl Jndiun
(dangulation aod mapping. Recarch b undrraay
carrenlly un bawe line measnrement, geolelle
ashiunomy, Udal olservallons, peecise leveling,
deflection of the vretival, gravity, spherod
calcululloms, and terresldal mugaelism. Indla hadive
in Intemational geodetic affain adil s 2 member of
the Taterntingsl) Avociution of Cendesy (IAC), Its
pamrnt body, (he Inlermalional Unkon of Ceoday ams
Ceophysics (BUCKC), anul the Intesttalinnad Atrmnomby
Ustlon (180

Copalilitles in hydendogic und hydravlic rowurch
are veiy goend. FAfurts aec muindy I8 (ke (eld of
applied  cesearch and are directed laward the
deelopmrnt and uwiilizatinn of unter 1ooumes b
imgation and powet; flow, siftlag, amd woudog In
snale: diwdpation of encrgy helow doms, weim, anil
canul falls; Rooding, silting. aml ste:age capadtly of
roenlss;, Improvement of the aavigability ol dver
ancl hathors: wnd the eflects of cavitation el
vibrlion on hydmulic situctures and equipment,
Bavc hydmlogic and hydruulic mcarch i+ comluciel
Ly the Centrul Watee und Powere Researchs Statlon aear
Pune. Each of 21 ather seseanh stations is concemed
with profrets la the slate In which it b leatal.
Reseascds statlons are wsleyguately stalled Dy competent
Indian scienitists und enginern, weme of whom luve
achirved intemational meputafions ta the (tcdds of
hydrolegy aml hydraulles

Eiedin shows 3 Mrong (nicrest in roamal rescarch and
has active progrumis conceming harhor Improvement
etd evpamion, heach ermbon conlrol, vad nranhore
wdiment stlles.  Testing graunds for  pracijcal
rewearch (n cuaitul eagineerng have been providad by
the developmretst uf B niew harlksrut Patadip Guih sed
the eapamina of existtng poet facilities al Past Blalr in
the Andapan Lisnds, al Tutloodn tu Tamil Nudu,
and al Vishobliupatnam. Olher rescarch netivities
ntlcle the sody of ditallon preaes, salinity
utrusion, Ulacd trampon along sandy shores,
sudiment mavement off we)rcted tudbors thmugh v
of rrtloactive trucens, channel dicdging, and teach
profiles. The oxnt of Kemls, whilch s laghly
vulnemshble to wa croslon, hay been nlfrcded (0
compatallvely intemive techaical dudy, aal
capedmental wawalls and breakwaters have heen
contrucied. Research and nwsdd siodies are also
canducied in coaral engineering, hydraulics,
hydeology, wuter nesources, consttuctlon isleesls
frundailon enginredng, and minar (srdgation. (n lhe
fulure, India will e farced 10 den! with pellutivn of
coaslul waters near large Qties or duce recrewtlonst
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roltdctkuns und decreawes in fishenes  produdinn.
Evplormtisg of olfshore areas foe ol -Searing sltectures,
Investigation of heavy mincrul samle und wase
hindcauing ala will be canddersd fiw research. The
! pruminent orgualratians engouged ln hydlogic,
by draulic, amd coustal engineering mearch ure the
Central Toand of 1erdgation ond Pawmer aear Puae wind
the Kerul Englncering Rescanch Ingtilude ut Pechl.

India cuiries ant reseaich (n all phaswes of
ocennngraply, Although the emphans 4s on telagieud
ocranngraphy la the Arablun wnd |aceatlive Scacuind
the Bay of Derngal, conslderalde reseurch alsa is doie
un ke relutionshlp of physical and dynamle
oceanogruphy 10 the formallon of evomewm. The
Indians abo have been fnvalved In studies an coaslsl
pultution near part s and dispesal of nudeur
icaclos wasles. Milltary  cicanographile tesearch
incdudes 1he developmient of o pasive tupdirectional
sonobuoy for protecllun egalasl ulmanms.
Occanographic progress e fenlied by the fuck of
mwcarch shipn aml Tuads for 1he muintenance of
wpecialind equiprment o8 well as the snull nember of
wnlor wsearch aceanagnpliers with inltiative amd a
wul enthitnbosm los the science. Only Mve univenitics
effer lnsteuctinm in tecanvgaaphy, pimadly inmurdoe
hiclegy and marne geology, ul the gradaate aml
undergradieate kvel. tu addition, e reseacel) e{fol §s
relarded by the dvairy belween rppostng geoups
seehbirg ta cuntral Indlun ncernography.

Althuugli svinie aipects 0l aevanogeaphy werr
ileveloped In fisheda intliutes sod In univenities, u

Glessary (v/ew)

Saws

BARC.... .
COMPAR .
CBIR. ..
PANC.-..
PRLO. .
WAL ...
ICAR. .
ICMA.
INCORPAR
IRRO.
Nal...
NCAT. .

N TERLR.

Suemer

Sgcrer

ronynrhersive peogram al accanographic reanch b
Indiu wnly sturted with i peticigxstion i the
latermations) Ocrun Expredition (0ICGEY of 1961 tn
1963. The CE clfarded hicliun sclenlish an
upptunily to soik on foreign vecarogrgphic ships
and ol advaneed ovcanigeaplic Inibtules abroad
Some exsenlisl equipmen) was obtained dudng the
expeditiun, ond e laburtonn ) up Iv haadle spe
of the eapeditioa’s woik fommed the Lods for the
crestfon 1y 198G of the Natinnal Inllate of
Oceanmgruphy at Gua noder the CSIN, This Luwility b
didng couthiceable wawek on ubrseu Interiction amd
coastnl ernlon ad arctetlon. The myganiipg od
wanning of nceanography at the nativnal level Is
weded aut by the Nallonat Committer un Qoeanie
Reseatch.

India is 2 member ol the Inteqgnernmenial
Occuruggraphic Commisnion (1OC) utid the Tnlo-
Pacific Fishestes Connell {IPFC). Necuitse ol o lack of
lvreign exclangy, the govertinent genenlly ¢does 1kt
allow nenl af (ke sclentishy te attead interutinnal
ineelingy oulide the counin  Indin has separute
agwenwents with the U.SS.R ond Nurway for dala
eacharges atd for the Seseloprvent of mpine
iesaniees in the Indian Ovean. The USSR 1 seellug
tindlan Genvermioen magerativn for the ctabiklinment
of swbmadae thetedtlon sysiems andd  waderwatet
msearcly areay In the Koy of Kengal \ndiy bewisd 2
sympenium no the liwdiun Ocean in March 1067 ut
New Debhil, ahich am sposored Jsiotly by the
Xatbsaal Sussitute of Scieners of Inella nnl the tnglun
Natioml Cornmiitre an Oceunte Research.

Fwosan

Bhabhe Atsmie Rowareb Conter

latsenational Commiiine oq Spare Raasarth
Coancil of Reiraliiic and Indwiris] Resrareh
Intenas }{ mmmrch acd Wl Cwoueedd
Tidecer Taorared snd Davtlogmenl Ovpraliavion
Hisdemias Acvoaduiivs, 1.U.

Todiap Council for Agricallessl Resenreh

Todiaa Counetl [o¢ Medieal Poaearch

fudias Nattoaa) Comtiliten [+ Rpuce Reswnrch
Indiam Hpace Remarch Ovzanisatien

Batiscal Artwastilen Laboratory

Natiotal Commiiten ¢t Beienrn add Treknology
Thuada Equstorial Rocked Laanchiog Rlsdlen
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